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ABSTRACT
I studied the effects of predator removal on survival and movements of Northern 
Shoveler (Anas clypeata) broods in the prairie pothole region of North Dakota. The 
study was conducted from April through August 1995. No treatment effects were found
on brood survival as both 14 and 30 day survival estimates were statistically equivalent. 
Experimental sites had higher brood and duckling survival and produced twice as many 
fledglings per successful nest than control sites. Cumulative movement distance had no 
effect on duckling survival. While survival rates of Northern Shoveler broods and 
ducklings were higher than most species of prairie nesting ducks, Shovelers exhibited 
similar mortality patterns over the 30 day period.
Predator reduction did not affect overland movements by Northern Shoveler
broods. Frequency and cumulative distances traveled over 30 days did not differ 
between experimental and control sites. Distance moved between wetlands was 
significantly different between treatments, but it is unclear whether this was a result of 
predator reduction. Nest site selection and initial movements did not differ between 
control and experimental sites. Using pooled data, there was a highly significant
difference was found between the mean distance from nest sites to the closest wetlands
(41 m) and initial movements to water (555 m). Broods made similar numbers of 
movements during the first 15 days after hatch as days 16-30 after hatch. Densities of 
available wetlands did not differ for broods on experimental and control sites.
Radio telemetry is a valuable tool in many studies of waterfowl ecology, but 
effects on behavior and survival of marked individuals, inadequate radio retention rates, 
-and poor signal range potentially limit its usefulness. I used 8 g anchor transmitters and
v
modified glue and suture attachment methods which were previously used on Mallards 
(Anasplatyrhynchos\ but had poor retention rates with Northern Shovelers For 
smaller species of waterfowl, which have thinner skin than larger species, use of smaller 
anchor transmitters and avoidance of cyanoacrylate glue as an attachment supplement 
would most likely yield better retention rates.
vi
INTRODUCTION
Three major areas in North America arc vital to breeding waterfowl the prairie 
pothole region, northern watersheds and deltas, and northern forests and tundra. Of 
these, the prairie pothole region is by far the most significant Although this region 
comprises only ten percent of the total waterfowl breeding habitat on the continent, it 
has historically produced over 50 percent of the ducks in an average year (Smith et al. 
1968). However, over the past 35 years, nest success of ducks in the prairie pothole 
region has declined markedly (Caithamer et al. 1995, Beauchamp et al. 1996). Many 
factors have contributed to this decline, including loss of habitat and fluctuating water 
levels, but the main cause appears to be elevated levels of predation (Sargeant and
Raveling 1992).
Predatory mammal species including red fox (Vulpes vulpes), raccoon (Procyon 
lolor), and striped skunk (Mepliifis mephitis) are abundant in the prairie pothole region 
and negatively impact nest success of breeding ducks (Duebbert and Lokemoen 1980, 
Sargeant and Raveling 1992). Over broad areas in the prairie pothole region,
Greenwood et al. (1987) and Beauchamp et al. (1996) found that less than 15 percent of 
all duck nests hatched at least one egg without active management. Ducklings from 
successful nests experience greater than 50 percent mortality before fledging (Duebbert 
and Lokemoen 1980) Increased predator populations may contribute significantly to 
this high mortality rate.
Waterfowl management on the breeding grounds is largely focused on ways to 
alleviate predation losses. One direct approach used to increase nest success has been 
the reduction of potential predator populations. Prior work has shown that reducing
1
2predator numbers can dramatically increase nest success (Balser et al. 1968, Chesness et
al, 1968, Lynch 1972, Duebbert and Kantrud 1974, Garrettson et al 1996). Indeed, 
some areas with predator removal have nest success rates as high as 95 percent (Kirsch 
1975, Duebbert and Lokemoen 1980).
Predator reduction can also lead to a decrease in mortality of adult females. As 
more females initiate and successfully hatch nests,there is potential for greater numbers 
of fledged broods to be added to the fall flight (Sargeant et al. 1984) Brood sizes on 
areas with predator reduction were greater than on untreated areas (Balser et al 1968, 
Duebbert and Kantrud 1974), but survival and mortality of ducklings during the pre­
fledging period are poorly understood (Talent et al. 1983). Unfortunately, few studies
have focused on brood survival and never in conjunction with an active management
strategy such as predator removal.
My objectives in this study were (1) to determine whether predator removal 
affects the survival and movement patterns of northern shoveler (A/ms clypcata) broods 
in prairie North Dakota, and (2) to obtain basic brood ecology information, as little 
previous work had been done on the species. 1 also collected valuable information on 
anchor transmitters, which are a relatively new attachment method for radio packages
used with birds.
Throughout this text I used both English and scientific nomenclature proposed by 
the American Ornithologists’ Union (1983) in references that regard birds.
Nomenclature for mammals followed that of the American Society of Mammalogists.
3The Chapters of this thesis are written so they can stand alone. Therefore, some 
of the methods sections are somewhat repetitive. Due to its applicability to all chapters, 
information on study area and study species have been consolidated into sections 
proceeding the first chapter.
STUDY AREA
This study was conducted in the drift prairie landscape of north-central North 
Dakota (Talent et al. 1983) Although this area is intensively farmed for small grains, 
there is considerable acreage (-30%) enrolled in the Conservation Reserve Program 
(CRP). Eight study sites were chosen in this area based on the abundance of wetlands 
and a relatively high percentage of land in CRP. Each site was a contiguous square 
block of 4,100 ha, had gently rolling topography, and contained an abundance of wetland 
complexes. Four sites were randomly chosen for predator removal (experimental) and 
the four remaining non-removal sites were used as controls.
4
STUDY SPECIES
Northern Shovelers were chosen as the study species for several reasons. 
Shovelers have shown a sustained increase in populations since the early 1980’s while 
populations of other species have, until recently, remained stable or decreased 
(Caithamer et al. 1995). Prior work suggested that Northern Shovelers are more 
amenable to nest trapping and handling than other species of upland nesting waterfowl 
such as mallards (Anas platyrhynchos) and show lower nest abandonment when fitted 
with a radio package (Rohwer pers. comm. 1994). Shovelers also tend to use more open
habitat for feeding than many other dabbling ducks, which improves the probability of 
observing marked females with broods Little research has been done on basic brood 
ecology of northern shovelers, therefore, one aim of this study was to attain information
on brood movements and survival.
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EFFECTS OF PREDATOR REDUCTION ON SURVIVAL OF NORTHERN 
SHOVELER BROODS
Recruitment in waterfowl is the addition of young to the fall population by 
reproduction from adults in the spring population (Cowardin and Blohm 1992). Two 
key components of reproduction that most influence recruitment are nest success and 
brood survival (Johnson et al. 1992). While both of these factors impact production in 
waterfowl, managers have traditionally focused on improving nest success. Cowardin
and Johnson (1979) stressed that measurement of brood survival is essential for
calculating recruitment, yet brood survival studies exist for only a handful of species
(Cowardin and Blohm 1992).
Prior to the early 1990’s, nest success in the prairie pothole region had declined 
steadily (Beauchamp et al. 1996), leading to reduced populations of several species of 
waterfowl (Caithamer et al. 1995). Nest success over much of the prairies during the 
1970’s and 1980’s was below 15%, which modeling efforts suggest is the minimum
necessary for maintaining stable populations (Klett et al. 1988) Nest success declined
due to a combination of three factors: (1) decreased nesting cover due to intensive 
agricultural practices; (2) lack of seasonal wetlands due to fluctuating water levels, and 
(3) an increase in density of mammalian nest predators.
Several management strategies have been used on the prairies to increase nest 
success, but the effects on brood survival are usually ignored. Establishment of upland 
nesting cover through Waterfowl Production Areas and Conservation Reserve Program 
grasslands has increased both nest density and success (Livezey 1981, Klett et al. 1984, 
Kantrud 1986, Kadlec and Smith 1992, Luttschwager et al. 1994). However, small,
6
7isolated patches of planted nesting cover may lure higher densities of ducks to nest in 
areas that are more easily searched by predators (Kadlec and Smith 1992). Construction 
of nesting islands often attract large numbers of nesting ducks, which have
increased nest success due to scarcity of mammalian predators (Browne et al. 1983,
Wilms and Crawford 1989, Kadlec and Smith 1992). However, survival rates of broods 
produced from island nesting situations are largely unknown. Use of electric fences to 
exclude predators from areas of nesting habitat regularly increases nest success (Sargeant 
et al. 1974, Lokemoen el al. 1982, Greenwood et al. 1990) but intensive maintenance 
and problems with brood exodus limit the efficiency of fences (Pietz et al. 1994, Trottier 
et al. 1994, LaGrange et al 1995).
Control of nest predation rates is clearly the underlying theme of the majority of 
management techniques aimed at increasing recruitment. Direct predator reduction has 
been used to dramatically increase nest success in the past (Balser et al. 1968, Lynch 
1972, Duebbert and Kantrud 1974, Doty and Rondeau 1988), but only recently have 
large scale predator removal studies been undertaken with replicates and without the use 
of poisons (Sargeant et al. 1995, Garrettson et al. 1996). As with most other efforts to 
enhance recruitment, research on predator reduction has focused on assessing impacts on
nest success.
Predator reduction appears to increase nest success, but its effects on brood and 
duckling survival are still unknown. Brood size and density were greater on areas with 
predator reduction (Balser et al. 1968, Duebbert and Kantrud 1974, Garrettson et al. 
1996), but survival and mortality patterns during the pre-fledging period are poorly
8understood. This study aimed to examine the effects of active reduction of mammalian
predator populations on the survival ofNorthern Shoveler (Anas clypeata) broods.
Brood survival is the probability of at least one hatchling surviving to fledging
(Duncan 1986). Brood and duckling survival are codependent, since duckling survival is 
the probability of a duckling within a successful brood surviving from hatch to fledging 
Overall survival to fledging is a product of brood and duckling survival and represents 
the probability of any hatched duckling surviving to fledging. Total brood mortality 
events account for the majority of overall duckling mortality (Talent et al. 1983, Rotella 
and Ratti 1992a, Grand and Flint 1996), and failure to account for total brood mortality
events would greatly overestimate recruitment (Ball et al. 1975, Talent et al. 1983).
Most brood and duckling mortality occurs within the first two weeks after hatch
(Talent et al. 1983, Duncan 1986, Orthmeyer and Ball 1990, Rotella and Ratti 1992a, 
Grand and Flint 1996, Korschgen et al. 1996). Exact timing of mortality is not known, 
but ducklings may be particularly vulnerable when making overland movements between 
wetlands (Dzubin and Gollop 1972, Bellrose 1980, Johnson et al. 1992, Rotella and Ratti 
1992a). In this study we removed upland predators which may play a role in mortality as 
ducklings travel overland (Sargeant and Raveling 1992). Red Fox (Vulpes vu!pes) and 
Striped Skunk (Mephitis mephitis) are not known to be active in wetland areas where 
broods are found when not making overland movements.
Based on the above, I predicted that predator removal would affect brood 
survival more than duckling survival. Several factors such as exposure and exhaustion
can reduce duckling survival, yet most total brood mortality is a direct result of 
depredation (Johnson et al. 1992, Sargeant and Raveling 1992). I also hypothesized that
9brood and duckling survival patterns would be comparable to those of other prairie
nesting species, as Northern Shovelers have similar nesting and brood rearing habits
(Alton 1983, Ankney and Afton 1988).
METHODS
Predator Reduction
Reduction of mammalian predators from the experimental sites was initiated in
late March, 1995 and continued until July 3 1, 1995, and was conducted under permit
from the North Dakota Game and Fish Department by four professional trappers. One 
trapper was responsible for each of the treatment sites. Removal methods included leg 
hold traps, box traps with a connibear, snares, and shooting. Trapping focused on Red 
Fox (Vulpes vulpes), Striped Skunk (Mephitis mephitis), and Raccoon (Procyon lotor). 
Minor numbers of Badger (Tctxidea taxus), Long-tailed Weasel (Mustela erminea), 
Coyotes (Canis latrans), and Mink (Mustela vision) were also taken. Avian predators
were not controlled.
Nest Searching
Nest searching was performed by dragging a 67 m long, 1 cm diameter chain 
between two tractors or all-terrain vehicles (Klett et al. 1986). Searching was conducted 
between 0700 and 1400 CST to maximize the probability of locating nests and minimize 
the amount of nest abandonment (Gloutney et al. 1993). Northern Shoveler nests were 
identified by observing the Hushing female or by examining egg and feather 
characteristics in the nest. Incubation stage of eggs was determined using a field candler 
(Weller 1956), and nests were rechecked at least once before trapping to monitor nest 
survival. Nest checks were performed by one person to reduce the likelihood of nest
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abandonment (Livezey 1980). Nests on the control sites were encircled by wire fencing 
that had 4.5 cm square mesh and a 25 m diameter as a means of reducing nest predation
(Krapu and Luna 1991).
Trapping
Females were trapped late in incubation (16-24 days) based upon the 23 to 25
day incubation period (Bellrose 1980). Trapping occurred between May 28, 1995 and 
July 25, 1995. Capture was initially attempted using a long-handled net. If this was 
unsuccessful, an automatic nest trap was employed (Weller 1957). To decrease 
abandonment and stress on the females, trapping was not performed on days of 
inclement weather. Captured females were marked with radio transmitters, nasal disks 
(Lokemoen and Sharp 1985), and US. Fish and Wildlife Service leg bands.
Transmitter Design and Attachment
Anchor transmitters had crystal-controlled frequencies and were designed for 45 
days of batter)' life (Advanced Telemetry Systems, Isanti, Minnesota). Transmitters had 
a minimum line of sight range of 2.5 km using four-element yagi antennas and did not 
have mortality switches. The transmitter was circular with a 23 mm diameter flat base 
and 12 mm height. The stainless-steel anchor extended 11 mm from the anterior base, 
and the posterior antenna extended 23.5 cm at a 45 degree angle from the base The 
package weighed approximately 8 g, which was <0.5% of average adult female body 
mass of Northern Shovelers (Ankney and Afton 1988).
Upon retrieval from the net or trap, a facial cover was fitted over the eyes to 
pacify the bird. Next, a US. Fish and Wildlife Service leg band was placed on the right
11
leg. Transmitters were attached mid-dorsally, anterior to the shoulder joints, with three
polypropylene sutures and a subcutaneously inserted wire anchor.
The transmitter site was prepared by trimming feathers from a patch of skin
slightly larger than the base of the transmitter. The transmitter was then used as a guide 
to mark suture and anchor incision sites with a permanent pen. The mark for the anchor
incision was made at the midpoint of the anchor stem, so the anchor would lie anterior to
the incision when under the skin The trimmed area, transmitter, and all surgical 
instruments were sterilized using Glutacide. A local anesthetic, Lidocane without 
epinephrine, was injected into several points around the trimmed area before the sutures
and wire anchor were inserted.
Three polypropylene sutures were first threaded through the skin along the three
guide marks and left slack. Next, a 2-3 mm incision was made along the mark made at
the midpoint of the anchor stem by holding a fold of skin with forceps, piercing the skin
with a number 11 surgical blade and cutting away from the body. A blunt probe was
then inserted into the incision to detach the skin from muscle. The anchor portion of the
transmitter was threaded under the skin, and the three sutures were fed through the body 
of the transmitter. Sutures were tightened and tied off with two or more square knots. 
Drops of cyanoacrylate glue were placed on each knot and between the base of the
transmitter and the skin to aid in retention.
Once the transmitter was firmly secured, the facial cover was removed and a 
unique nasal marker was attached. The bird was then brought to a medium state of 
anesthesia using methoxyflourane (Rotella and Ratti 1990), weighed to the nearest 5 g, 
and placed back upon the nest.
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Techniques used in this study were approved by the Louisiana State University 
Animal Care Committee. Attachment procedures were based upon those used by Pietz 
et al. (1995), but modified based on consultation with other researchers using similar
equipment. Guidelines for use of wild birds in research set forth by the American
Ornithologists’ Union (1988) were followed
Radio Tracking and Observation
Survival to fledging is defined as survival from hatching to 30 days of age and is 
the product of brood survival and duckling survival. Brood survival is the proportion of 
broods with at least one duckling surviving to 30 days after hatching. Duckling survival 
is the proportion of ducklings that survive to 30 days in successful broods Due to small
sample sizes on individual sites, data were pooled within experimental and control sites 
respectively. Both 15 and 30 day time period were used in brood and duckling survival
analyses.
Females with their broods were tracked over a 30 day period post-hatch.
Survival to 30 days is indicative of suiwival to fledging as greater than 75 % of duckling 
mortality occurs within the first three weeks of life (Evans et al. 1952, Ball et al. 1975,
Ringleman and Longcore 1982, Duncan 19S6, Rotella and Ratti 1992a) Each female 
was located at least once every three days, and a count of ducklings was attempted at 
least once per seven days. Tracking ended after. (1) completion of the 30 day period;
(2) transmitter loss or failure; (3) predation of the marked female, or (4) total brood loss.
Radio tracking was done using truck-mounted four-element yagi antennas and 
hand-held three-element yagi antennas. When tracking occurred, the individual was 
located specifically to the site, section, quarter section, and pond. This was
13
accomplished by obtaining an estimated location using truck-mounted antennas, followed 
by walking in on the signal using hand-held units and aerial photographs to determine
exact locations.
Brood observations were accomplished by two methods. First, whenever
possible, marked females in open water were observed from a distance using binoculars 
or a spotting scope, and ducklings were counted. If a female was utilizing a particularly 
densely vegetated wetland, I would enter the wetland and attempt to flush the hen and
ducklings into open water. If no ducklings were seen, but the female performed
distraction displays, I assumed that at least one duckling was still alive and present. Total
brood loss was assumed if no ducklings were seen after two observations and if the
female did not attempt to distract the observer or the female was associating with a
group of birds.
Statistical Analyses
For the purposes of estimating 15 and 30 day brood survival, radio lelcmeti'y data 
were placed into one of four categories. (1) successful (2) total brood loss (3) shed 
radio package, and (4) brood movement off study site. The last two categories were 
entered into the survival model, but right censored since final brood late could not be
determined.
Survival analyses were based on procedures developed by Kaplan and Meier 
(1958) and modified by Pollock et al. (1989) to allow for staggered entry of individuals. 
This method allows for right censoring, which, in this study, was caused by transmitters 
being shed and broods moving off study sites to private lands that were not accessible. 
The LIFETEST module in SAS (SAS Inst. Inc. 1989) was used to determine brood
14
survival rates and to test potential differences between resulting brood survival
distributions. Treatment group, fate, number of days tracked, and cumulative movement 
by each brood from hatch to 15 days were entered into the module, resulting in estimates 
of daily brood survival. Effects of predator reduction on 15 and 30 day brood survival 
estimates for experimental and control sites were tested using a Chi-Squared test (Sauer
and Williams 1989).
Timing of brood mortality or duckling mortality was assigned to the date halfway 
between radio tracking events. Mortality dates were then categorized into one of four 
time periods. (1) hatch to 7 days, (2) 8 to 15 days; (3) 16 to 22 days, or (4) 23 to 30 
days. This was done for total brood mortality and for duckling mortality, which did not 
include individuals that died in total brood mortality events Differences in duckling 
mortality from hatch to 15 days was compared with duckling mortality from 16-30 days 
using a t-test.
Maxiumum clutch size was determined by counting eggs at the time of trapping. 
The number of ducklings hatched per nest was determined by counting egg membranes 
in the nest after hatch. Clutch size and number of hatchlings per nest on experimental 
and control sites were compared using t-tests. Duckling counts for successful broods 
were determined by visual observations and the proportion of hatched ducklings that 
survived to 15 and 30 days were compared between treatment groups using standard t-
tests.
RESULTS
I radio marked 70 Northern Shoveler females in this study. For the 37 females 
marked on experimental sites, I determined fates for 26 broods. Nine females were lost
15
due to shed transmitters or movement off of study sites, and two females were
depredated before hatch. Four broods incurred total mortality, while 22 broods 
produced at least one 15 day old duckling. Thirty-one females were marked on the 
control sites, and subsequent fates were determined for 21 broods Ten females were 
lost before the 30 day period had expired due to shed transmitters or movement off of 
study sites, and five females were depredated post-hatch contributing to six total brood 
losses. Fifteen broods produced at least one 15 day old duckling.
Brood survival rates to 30 days were 0.6S on control sites and 0.84 on 
experimental sites, but not significantly different (X2=l .72, P-0.19) (Table 1). Fifteen 
day brood survival rates were 0.76 for control and 0.89 for experimental sites, 
respectively (X2=T.62, P=0.20). All brood mortality on control and experimental sites 
occurred within the first two weeks post-hatch. Duckling mortality was also
concentrated during this period (96% con., 92.5% exp ), with over 70% of overall
mortality occurring during the first week after hatch Effects of cumulative movement 
distance over the 30 period on brood survival were determined through a log rank test 
and were found to be nonsignificant (X2= 1.33, P=0 25).
The proportion of ducklings that survived to 15 days was 0.86 for experimental 
sites and 0.77 for control sites (t=0.89, P=0.43), while the proportion of ducklings 
surviving to 30 days was 0.84 and 0.73, respectively (t= 1.29, P=0.28). Total brood 
mortality was responsible for 63% of all duckling mortality on experimental sites and
72% on control sites.
Clutch size was nearly equivalent for both treatments, but experimental nests 
hatched slightly more ducklings per nest than did control sites (Table 2). Successful
16
Table 1: Summary statistics of treatment effects on duckling and brood survival 
estimates.
Control Experimental l est Statistic I>’
Brood Survival 
(15 day)
0.76 0.89 1 62b 0.20
Brood Survival 
(30 day)
0.68 0.84 1.721’ 0.19
Duckling survival 
(15 day)
0.77 0.86 0.891' 0.43
Duckling Survival 
(30 day)
0.73 0.84 1.29c 0 28
Survival to Fledging 
(15 day)
0.59 0.77 N/A N/A
Survival to Fledging 0.50 0.71 N/A N/A
(30 day)
3 Critical value = 0.05 
b X2 test
c T-test
N/A = Not. available
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Table 2: Summary statistics of clutch size, hatch rates, and d uckling survival within
broods on exp<erimental and control sites.
Average clutch size
Control
10.5
Experimental '1
10.7
'est Statistic1’
0.00
■""■'pT"
0.55
Average # of 
ducklings hatched 
per nest
9.1 9.8 1.04 0.39
Average # ducklings 
produced per 
successful brood
6.1 8.6 1.61 0 12
Duckling production 
per successful nestc
3.7 6.4 171 0.10
“Critical value = 0.05
bT-test
includes total brood mortality
18
broods on control sites lost approximately twice as many ducklings over the 30 day 
period (3.1 vs. 1.7) as did experimental broods, but this difference was not significant 
(t-1.60, P=0.12). Average production per hatched nest, which combined differences in 
ducklings hatched per nest, total brood mortality, and duckling mortality was 6.44
ducklings on experimental sites and 3.67 on control sites (tU .71, P C) 10).
DISCUSSION
Predator reduction did not appear to affect Northern Shoveler brood and 
duckling survival. Duckling survival within successful broods was not statistically 
different between treatment sites, as most successful broods fledged greater than 50% of 
its ducklings. Brood survival had a greater impact than duckling survival on production
of fledged young, evidenced by brood mortality accounting for over 70% of all duckling
losses. As expected, predator reduction had a greater influence on biood survival than
duckling survival, as more broods were able to Hedge at least one duckling on
experimental sites than control sites.
As predicted, Northern Shovelers exhibited many of the same brood and duckling 
mortality patterns as other species in the prairie pothole region Mortality was greatest 
during the first two weeks after hatch, concuning with previous studies of brood and 
duckling mortality (McGilvrey 1969, Ball et al. 1975, Pingleman and l.ongcoic 1082, 
Talent et al. 1983, Duncan 1986, Orthmeycr and Ball 1990, Potella and Patti 1992a, 
Grand and Flint 1996, Korschgen et al. 1996). I'otal brood loss accounted for the 
majority of overall duckling loss, as it does in most ducks ( fable 5).
Overland movement by Northern Shoveler broods did not appear to affect 
duckling survival. Successful broods that traveled longer distances during their first 1 5
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Table 3: Summary of brood and duckling survival estimates and influence of total brood 
loss on overall duckling deaths.
Partitioning of Duckling Deaths
Species
Brood
Survival
(%)
Duckling
Survival
Total 
Brood 
Loss (%)
Partial Loss 
in Successful 
Broods (%) Source
Northern
Shoveler
68b 73 ’ 72 28 This Study
Blue-winged
Teal
89c 67 27 73 Rohwer (1985)
Northern
Pintail
-> ->J J 10 72 28 Grand and Flint 
(1996)
Mallard 67 44 44 56 Ball et al. (1975)
Mallard 48 35 68 32 Talent ct al (1983)
Mallard 63 40 60 40 Drthmeyer and Ball 
(1990)
Mallard 49 22 54 46 Rotella and Ratti 
(1992a)
Mallard 49 35 54 46 Mauser et al. 
(1994a)
Canvasback 35 38 56 44 Korschgen et al.
(1996)
American
Black Duck
81 42 J J 67 Ringleman and
1 .ongeore (1982)
Wood Duck 76 41 43 57 Ball et al. (1975)
“These two columns sum to 100%.
Results are from control sites only.
'Results from all experimental broods (See Table 3; Rohwer 1985)
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days after hatch did not incur greater duckling mortality than moie sedentary broods 
Although several studies imply a negative relationship between movements and survival
(Dzubin and Gollop 1972, Ball et al. 1975, Paulus 1984, Rotella and Katti 1992b,
Mauser et al. 1994b), results from this study concur with previous work that found no 
correlation between distance moved and duckling survival (Talent et al, 1983, Duncan
1986, Duncan 1987).
This study took place during an exceptionally wet breeding season in the praiiic 
pothole region. The number of available wetland complexes on the study sites often 
numbered over 100 per square mile. Talent (1980) stated that the pattern and magnitude 
of duckling survival probably varies during wet-dry cycles on the prairies, and several 
studies have found that survival is positively correlated to wetland density (Stoudl 1971, 
Rohwer 1985, Batt et al. 1989, Rotella and Ratti 1992a). Depredation of ducklings may 
be influenced by wetland abundance and availability during the first two weeks post 
hatch (Korschgen et al 1996). Use of predator i eduction as a management tool may 
become more important once the prairie pothole region cnteis another dry cycle 
Wetlands in the glaciated prairie region undeigo wide tluctu.itions m watci conditions 
due to annual variations in precipitation (Duebbert and Prank 1984), but the problems 
associated with lack of suitable brood rearing habitat may be offset bv reducing, numbers
of potential brood predators.
Both 30-day brood and duckling suivival of northern Shovclc's m e higher than 
that of the majority of published accounts for other species of praiiic ucstmc dm ks 
(Table 3). It is especially interesting to note this in conjunction with breeder.> population 
estimates. Mallard and Northern Pintail populations have declined over the past 35 years
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while Northern Shoveler and Gadwall (Anus strepcm} populations have increased 
(Caithamer et al. 1995). Although nest success rates of these species have declined at 
approximately the same rate, Gadwalls and Shovelers have consistantly higher (20-25%)
success rates than do Mallards or Northern Pintails (10-1 5%) (Beauchamp et al 1990),
Brood and duckling survival in Northern Shovelers and Gadwalls are also higher than for
Mallards and Northern Pintails (Table 3) leading to the conclusion that, if population
increases associated with Gadwalls and Northern Shovelers are breeding ground related,
they may be the result of a combination of higher nest success and brood survival than
species with declining populations.
Although a statistically significant influence of predator reduction cm brood
survival was not detected, the overall impact of brood and duckling survival on
recruitment can not be overlooked. To emphasize this point, an example was created to 
show the effects of predator reduction on Northern Shoveler recruitment (Table 4). 
Production from a hypothetical sample of 100 nests on both control and treatment sites
was based on brood and duckling data from this study and nest success rates from
Garrettson et al. (1996). Nest success was twice as high on experimental sites, hut 
projected fledging rates were 3.5 times greater on experimental sites compaied to 
control sites. This example, however, potentially underestimates the elfects of predator 
reduction on brood and duckling survival Ducks will readily recycle when a iiest is 
destroyed and produce another clutch (Johnson et al. 1992). Through renestmg, female 
can partially compensate for low nest success. However, depredation of a brood icsults 
in reproductive failure for an entire breeding season since renesting after brood loss is
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Table 4: Effect of predator reduction on estimated Northern Shoveler recruitment based 
on combination of nest success and brood survival.
Control Experimental
Number of Initial Nests 100 100
Nest Success3 0.24 0.53
Clutch Size 10 10
Probability of Brood Survival 0.76 0.89
Ducklings per Successful
Broodb
6.11 8.58
Overall Duckling Production ___ 111 _ 405
“Pooled upland nesting ducks from Garrettson et al. 1996). 
b Based on 14 day results for Northern Shovelers from this study.
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exceptionally rare. Increases in brood survival resulting from predator reduction can 
substantially augment improvements in nest success and lead to dramatic increases in
nest success.
CONCLUSION
Although survival rates for both broods and ducklings were higher on 
experimental sites, lack of statistical significance precludes any definitive conclusions to 
the effectiveness of predator reduction as a means of increasing survival. Loss of
transmitters created analysis problems, as sample sizes were not large enough to test 
potential treatment differences with adquate statistical power (Xz=3.84, power = 0.31). 
Sample sizes of over 80 birds per treatment would have been necessary to detect
differences in brood survival based on resulting variances from this study. Fifteen day 
survival estimates were used for two reasons: (1) sample sizes were twice as large as 
those used in 30-day analyses; and, (2) previous studies have shown that most mortality
occurs within the first two weeks post-hatch (Evans et al. 1952, Ball et al. 1975, Duncan
1986, Rotella and Ratti 1992a, Grand and Flint 1996, Korschgen et al. 1996).
The question of whether predator management can increase brood survival was 
not answered definitively by this study. Both brood and duckling survival rates over the 
30 day period were consistently higher on experimental sites than control sites. While 
brood and duckling survival may not be affected by predator reduction, they are still 
important factors in estimating production. Overall production per successful nest 
reinforces this fact, as twice as many fledged ducklings per nest were produced on 
experimental sites. Shovelers appear to have high brood survival without management, 
therefore species with traditionally lower brood survival such as Mallard or Northern
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Pintail may be affected to a greater degree by predator reduction. Brood survival on 
predator removal areas with a lower abundance of quality breeding and brood rearing 
habitat may be increased, and this is another area which could benefit from further
research.
Further research is also needed on causes of duckling mortality. Predation is only 
one of several sources of potential brood and duckling mortality. Radio marking 
ducklings would be a way to obtain this information. Larger sample sizes on each site 
would be beneficial, as they would increase statistical power of comparisons.
The objective of this study was to determine the effects of predator reduction on 
brood survival of Northern Shoveler broods. Although the results were not conclusive, 
valuable information was gained concerning basic survival rates. Shovelers have high 
brood survival regardless of predator management, and this is an important consideration 
when examining the long-term increase in Shoveler populations.
EFFECTS OF PREDATOR REDUCTION ON OVERLAND MOVEMENTS BY 
NORTHERN SHOVELER BROODS
Brood habitats in the prairie pothole region must provide food, water, and escape 
cover for the adult female and her growing ducklings (Sedinger 1992). Females readily 
move broods overland (Baker 1983, Duncan 1983, Smith and Flake 1985, Mauser et al. 
1994b), presumably to get to wetlands with preferred cover and food (McKnight and 
Low 1969, Patterson 1976, Afton and Paulus 1992). Movements begin within a few 
hours after hatch, and it is evident that females do not always choose to lead their broods 
to wetlands closest to the nest site (Libby 1972, Joyner 1977, Eriksson 1978, Talent et
al. 1983, Cowardin et al. 1985, Rotella and Ratti 1992b). Movements between wetlands
often involve several kilometers of travel (Evans and Black 1956, Gates 1962, Duncan
1987), and these movements expose ducklings to several potential sources of mortality, 
including predation, exhaustion, and disorientation (Dzubin and Gollop 1972, Ball et al.
1975, Rotella and Ratti 1992a).
Overland travel may negatively affect duckling survival (Ball et al. 1975, Rotella 
and Ratti 1992a). Nests placed far from water often result in reduced duckling survival 
due to the extent of overland travel required to get to a particular wetland (Sayler 1962, 
Dzubin and Gollop 1972). Most brood movements occur within the first one to two 
weeks of life (Talent et al. 1982, Mauser and Jarvis 1994b), coinciding with the majority 
of brood and duckling mortality (Ball et al. 1975, Ringleman and Longcore 1982, Talent 
et al. 1983, Orthmeyer and Ball 1990, Rotella and Ratti 1992b, Grand and Flint 1996, 
Korschgen et al. 1996).
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With current emphasis on increasing recruitment to waterfowl populations 
through improving nest success, effects of management practices on brood ecology are 
being overlooked. Management techniques such as planting dense nesting cover (Kadlec 
and Smith 1992), fencing nesting areas (Sargeant et al. 1974, Lokemoen et al. 1982, 
Greenwood et al. 1990), and creation of islands in large lakes (Browne et al. 1983,
Wilms and Crawford 1989, Kadlec and Smith 1992) attempt to increase recruitment by 
concentrating nesting ducks in areas where nest success is elevated. These efforts, 
however, may induce extensive brood movements due to greater distances between nest 
sites and wetlands and because of the need for spacing between broods (Makepeace and 
Patterson 1980, Afton 1983, Paulus 1984). An alternative to these approaches is to 
reduce predator populations over large, contiguous blocks of upland habitat. Although 
much is known about the effects of predator reduction on nest success (Duebbert and 
Kantrud 1974, Doty and Rondeau 1988, Sargeant et al. 1995, Garrettson et al. 1996), no
studies have examined its effects on brood movements.
The objective of this study was to examine the effects of predator removal on 
movement patterns of broods. Predator reduction allowed me to test alternative
hypotheses about causes of brood movements. The disturbance hypothesis suggests that
overland movements from nest site to wetland or wetland to wetland are a response to 
disturbance by potential nest predators, such as Red Fox (Vulpes vulpes), Striped Skunk 
(Mephitis mephitis), Raccoon (Procyon lotor), or Mink (Musiela vision). The latter two 
species seem most likely because they tend to forage in wetland margins where broods 
also forage. The disturbance hypothesis predicts that frequency and distance of brood 
movements would be reduced if predators were scarce.
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An alternative is the risk hypothesis, which suggests brood females can assess 
predator abundance and thereby gauge the potential risks of overland movement. This 
hypothesis predicts more frequent and longer movements when the risks of encountering 
a mammalian predator on an overland movement are reduced. A second alternative is 
the food limitation hypothesis, which suggests that aquatic invertebrate abundance in 
wetlands is the primary determinant of tenure on a wetland and that predator abundance 
has little short-term influence on brood movements. I tested these hypotheses by 
examining the number of movements and distances moved by Northern Shoveler broods.
METHODS
Nest Searching, Trapping, and Marking
Nest searching was performed by dragging a 67 m long, 1 cm diameter chain 
between two tractors or all-terrain vehicles (Klett et al 1986) Searching was conducted 
between 0700 and 1400 CST to maximize the probability of locating nests and minimize 
the amount of nest abandonment (Gloutney et al. 1993). Northern Shoveler nests were 
determined by visually identifying the female upon flushing or by egg and feather 
characteristics in the nest. Incubation stage of eggs was determined using a field candler 
(Weller 1956), and nests were rechecked at least once before trapping to monitor nest 
survival. Nest checks were performed by one person to reduce the likelihood of nest 
abandonment (Livezey 1980).
Females were trapped late in incubation (16-24 days) based upon the 23 to 25 
day incubation period (Bellrose 1980). Trapping occurred between May 28, 1995 and 
July 25, 1995. Initial trapping attempts were made using a long-handled dip net. If this 
was unsuccessful, an automatic nest trap was employed (Weller 1957). To decrease
28
abandonment and stress on the females, trapping was not performed on days of 
inclement weather. Captured females were radio-marked with 8g anchor transmitters, 
nasal markers (Lokemoen and Sharp 1985), and U.S. Fish and Wildlife Service leg
bands.
Radio Tracking and Brood Observation
Radio tracking was done using truck-mounted four-element yagi antennas and 
hand-held three-element yagi antennas. When tracking occurred, the individual was 
located specifically to the site, section, quarter section, and pond. This was 
accomplished by obtaining an estimated location using truck-mounted antennas and then 
walking in on the signal using hand-held units and aerial photographs to determine exact 
locations. Females with their broods were tracked over a 30 day period post-hatch. 
Tracking ended after: (1) completion of the 30 day period; (2) transmitter loss or failure; 
(3) predation of the marked female; or (4) total brood loss.
Each female was located at least once every three days, and a count of ducklings 
was attempted at least once per seven days. Brood counts were made whenever 
ducklings and marked females could be observed using binoculars or a spotting scope. If 
a female and brood were utilizing a particularly densely vegetated wetland, I would enter 
the wetland and attempt to flush the hen and ducklings into open water If no ducklings 
were seen, but the female performed distraction displays, I assumed that at least one 
duckling was still alive and present. Total brood loss was assumed if no ducklings were 
seen after two observations and the female did not attempt to distract the observer or the 
female was associating with a group of birds.
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Statistical Analyses
Analyses were separated into two sections. Comparisons were made between 
experimental and control sites. Data from all experimental sites were pooled as were all 
control site data due to small sample sizes on several of the sites T-tests were used to 
contrast control and experimental sites in number of movements per week, average 
distance per secondary movement of successful broods, nest site to closest and to initial 
wetland, and number of movements per 30 days, and the number of ponds available to
broods.
In the absence of treatment effect, I pooled data to describe brood movements.
Distances from nest site to closest wetland were tested against nest site to first wetland 
with a t-test. T-tests were also used to compare differences in frequency and distances 
of movements between two time periods: hatch to 15 days and 16 to 30 days. Number
of movements and cumulative distances moved were examined with a Pearson
correlation to test whether broods that made more movements also traveled greater
distances.
RESULTS
Movement data were collected from 28 broods on experimental sites and 21 
broods on control sites. Broods on experimental sites moved 17-1645 m from the nest
to the first wetland used, made 1-6 secondary moves between wetlands, and traveled 18-
2032 m during inter-wetland moves. Broods on control sites moved 6-2610 m from nest
to first wetland, made 1-5 secondary moves between wetlands, and traveled 9-2352 m 
during inter-wetland moves.
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Nests on control sites were located an average of 34 m from the closest wetland
margin, while nests on experimental site nests were located 47 m from wetlands on 
average (t--1.00, P=0.33). Females with their broods traveled an average of 678 m to 
reach their initial brood pond on control sites and 431 in on experimental sites (t=l .39,
P=0.17).
Successful broods on experimental sites made an average of 3.1 inter-wetland 
moves over the 30 day monitoring period, which did not differ significantly from the 2.2 
moves on control sites. (Table 5). Average distance traveled between wetlands was 
significantly different for experimental and control sites (t= 1.96, P=0.05) (Table 5). 
Cumulative distances moved by successful broods did not differ between treatment 
groups over either the 15 day (t=0.87, P=0.39) or 30 day (t= -0.43, P=0.67) periods. 
Average pond densities available to broods on experimental and control sites (180 vs.
173) were similar (t=0.39, P=0.70).
Data from both experimental and control sites were pooled to examine overall 
differences between nest site selection and initial movements, and secondary movements 
in relation to proximity of non-utilized wetlands. The overall average distance from nest 
site to closest wetland was 40 m. This differed greatly from the initial movement 
average of 536 m (t=-5.32, P=0.0001). Only 9 of 47 broods moved initially to the
wetland closest to the nest.
Overall movement patterns of Northern Shoveler broods did not change over the 
course of the 30 day period (Table 6). Broods made an average of 2.0 secondary 
movements during the first two weeks post hatch compared to 1.5 during the second 
two weeks of life. Cumulative distances moved over these periods were not statistically
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Table 5 : Summary statistics of nest site and movement patterns of Northern Shoveler 
broods in relation to predator reduction.
Control Experimental P
Distance from Nest to Closest Wetland 34.0 47.0 0.33
Distance of Initial Movement 678.0 43 1.0 0.17
Available Wetlands per Brood 173.0 180.0 0.70
Average Secondary Movement Distance1 697.0 468.0 0.051
Total Movements per 30 Days 2.2 3.1 0.09
* All distances in meters 
bCritical value = 0.05
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Table 6: Effect of brood age on frequency and distance of overland movements
Hatch to 15 Days 16 to 30 Days P
Frequency’ 2.0 1.48 0.13
Distance (m) 1174.2 890.8 0.35
Movements per brood
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different (Table 6). The frequency of movements followed a normal distribution (Figure 
1), and movement distance strongly correlated with distance traveled to reach wetlands 
(R2 = 0.47, P-0.04) (Figure 2). Movement distance from first to a secondary wetland 
averaged seven times greater than the distance to the two ponds closest to where the 
brood had been located. This average secondary distance (579 m) was significantly 
different (t=6.88, P=0.001) than the average distance to the two closest wetlands (80 m).
DISCUSSION
Predator reduction can increase nest success (Garrettson et al. 1996) and may 
elevate brood survival, but it does not appear to affect brood movements. Broods on 
both control and experimental sites had similar frequency of movements and movement 
distances between initial wetlands and nest sites. Only total distance of secondary
movements differed between treatments.
Results appeared to best fit the disturbance hypothesis. Lowered predator 
populations could lower brood disturbance, which would lead to broods in experimental 
sites moving less frequently between wetlands and making shorter cumulative 
movements. Although they moved with similar frequency to control site broods, broods 
on experimental sites moved significantly shorter distances during wetland to wetland 
movements than control broods, but the main prediction about reduced movement 
frequency was not upheld. The risk hypothesis, where females and broods would move 
more frequently and greater distances between wetlands on experimental sites due to 
reduced risk of detection by a mammalian predator, was not impacted.
Lack of differences in frequency and cumulative distance of movements would 
lend support to the food limitation hypothesis. Experimental site broods moved more
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Figure 1: Overall frequency of Northern Shoveler brood movement over 30 day period.
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Figure 2: Number of movements and cumulative distances moved for all successful 
Northern Shoveler broods.
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than control site broods, but the difference was non-significant. The increased 
movement distances of control broods may be related to wetland selection rather than a 
result of predator reduction. Without wetland classisfications and knowledge of wetland 
preferences, however, it was not possible to test this hypothesis.
Prairie nesting ducks will lead their broods long distances to suitable brood
rearing areas (Talent et al. 1983, Cowardin et al. 1985, Rotella and Ratti 1992b). Long
brood movements are also common for Northern Shovelers. Numbers of movements
initiated by successful broods were positively correlated to cumulative distance moved. 
High abundance and close proximity of nearby wetlands may increase frequency of 
movement and decrease distance of overland movements (Keith 1961); yet density of 
wetlands did not appear to impact movement distance in this study. Although 
corresponding wetland classifications were unavailable, distances moved by Shoveler 
broods to initial wetlands and subsequently between wetlands suggested that active 
habitat selection was taking place. Only 19% of all broods went initially to the wetland 
closest to the nest site, and less than 25% of secondary movements were made to
wetlands other than the two that were closest to the wetland that had been used.
Broods of several species of prairie nesting ducks tend to select seasonal and 
semi-permanent wetlands (Talent et al. 1983, Mulhern et al. 1985, Duncan 1987, Rotella 
and Ratti 1992b) due to high abundance of aquatic invertebrates (Afton and Paulus 
1992). My observations suggest that Northern Shoveler broods prefer seasonal wetlands 
with much emergent vegetation. Poston (1969), however, suggested that Shoveler 
broods use permanent wetlands with an abundance of open water due to their feeding 
specialization of straining plankton. Within the first two weeks of life, which are the
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most important in terms of duckling survival, Northern Shoveler ducklings probably have 
not developed the bill specializations for plankton straining and likely forage for aquatic 
invertebrates similar to ducklings of other prairie nesting species.
During incubation recesses, Shoveler females may be assessing nearby wetlands 
for potential brood rearing habitat and will subsequently lead their broods to high quality 
ponds instead of closer wetlands (Afton 1983, Haland 1983, Gauthier 1987). There was 
no relationship between Northern Shoveler brood and duckling survival and overland 
movement (See Chapter 1). This concurs with several previous brood ecology studies 
(Evans et al. 1952, Talent et al. 1983, Duncan 1987, but see Rotella and Ratti 1992b). 
Total brood loss was greatest during the first two weeks post-hatch (Duncan 1986, 
Rotella and Ratti 1992a, Grand and Flint 1996, Korschgen et al. 1996), yet broods that 
fledged at least one duckling did not have significantly different movement patterns than 
those with total brood mortality.
This study provided information about brood movements previously
undocumented in Northern Shovelers. The distance and number of movements by 
Shoveler broods are similar to other prairie nesting species such as Mallard (Rotella and 
Ratti 1992b), Northern Pintail (Duncan 1987), and Canvasback (Korschgen 1996). 
Studies of prairie breeding ducks have documented brood use of up to 10 different 
wetlands and movements of up to nine km (Dzubin and Gollop 1972, Talent et al. 1983, 
Duncan 1983, Smith and Flake 1985, Austin and Serie 1991, Rotella and Ratti 1992b).
CONCLUSION
Predator management has little impact on movement ecology of Northern 
Shoveler broods. Nest site selection, initial movement distances, and frequency and
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cumulative distances over 30 days did not differ significantly between the two
treatments. Cumulative travel distances between wetlands was the only factor that 
differed significantly between control and experimental sites, and it was not likely a result
of predator reduction.
Shoveler broods tend to have similar movement frequency and distance patterns 
as other prairie nesting ducks. However, one factor that is apparently unique to 
Shovelers is the lack of change in frequency of movements over time. Mallards (Talent 
et al. 1983, Rotella and Ratti 1992b) and Northern Pintail (Duncan 1987) have a 
decreased frequency of movement as broods mature. Shovelers exhibit no difference in 
either movement frequency or distance over the first 30 days after hatch.
Brood movement patterns of prairie ducks can be influenced by several factors 
including proximity of the nest site to water, wetland density and type, surrounding 
upland habitats, and predator abundance (Duncan 1987, Afton and Paulus 1992,
Sedinger 1992). Understanding aspects of basic brood ecology such as movement 
patterns and habitat usage are important when planning management strategies, yet 
techniques aimed at increasing recruitment to waterfowl populations often overlook 
effects on brood ecology (Pietz and Krapu 1994, Trottier et al 1994).
The main objective of this study was to determine whether predator reduction 
affects survival and movements of Northern Shoveler broods Several aspects of
Shoveler brood ecology remain unknown, and further research into these areas is 
needed. Estimates of habitat usage would be beneficial, as it appears Shovelers are not 
permanent wetland specialists as has been suggested (Poston 1969). Analysis of 
duckling food habits would also lead to better understanding of Shoveler brood ecology.
POOR RETENTION RATES OF 8g ANCHOR TRANSMITTERS 
BY NORTHERN SHOVELERS
The ability to dependably relocate breeding females makes radio telemetry a 
valuable tool for studies of waterfowl ecology. Unfortunately, several problems persist 
regarding use of radio telemetry, including: 1) effects on survival and behavior of marked 
birds; 2) inadequate radio retention time for some packages; and 3) poor signal range of 
small transmitters. Traditional backpack harness packages (Dwyer 1972) have good 
retention time and the elevated external antenna maximizes signal range, but this design 
negatively affects behavior and reproductive output of captive and free-ranging ducks 
(Houston and Greenwood 1993, Pietz et al. 1993, Rotella et al. 1993). Abdominally 
implanted transmitters are a useful alternative (Olsen et al. 1992), especially in diving 
ducks, which will not tolerate backpacks. However, signal strength is compromised, and 
the surgical process requires expensive materials and increased handling time (Korschgen
et al. 1984).
Transmitters attached with sutures and glue (Wheeler 1991) have negligible 
behavioral effects on marked individuals and better signal strength than implants, but 
retention time is inadequate for many types of studies, including those assessing 
reproductive success or brood survival (Houston and Greenwood 1993, Rotella et al. 
1993). Mauser and Jarvis (1991) designed a transmitter for use on ducklings that 
supplemented the suture and glue attachment with an anchor that was inserted 
subcutaneously for added retention. Pietz et al. (1995) tested an enlarged (4g) and 
modified anchor radio package on breeding adult mallards (Anas platyrhvnchos) and 
gadwalls (A. strepera) and found better retention rates than glue and suture mounts, with
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no detectable effect on behavior of marked individuals. In this paper, I report on 
retention rates of an 8g anchor radio package that was used on breeding adult northern 
shovelers (Anas clypeata) in a study examining the effects of predator reduction on
brood survival.
METHODS
Study Area, Nest Location, and Trapping 
Nests were located using chain drags (Klett et al. 1986) on eight study areas
located in the prairie pothole habitat of North-Central North Dakota. Forty-two 
northern shoveler females were trapped late in incubation (18-23 days) at the nest using 
either a long-handled dip net or a walk-in trap (Weller 1957). Anchor transmitters, nasal 
markers (Lokemoen and Sharp 1985), and U.S. Fish and Wildlife Service leg bands were
used to mark each individual female. To decrease abandonment associated with capture 
and handling, methoxyflourane was used to anesthetize birds just before they were 
released on their nest (Rotella and Ratti 1990). Each brood female was tracked every 
three to five days over a 30 day interval to assess brood survival Animal care guidelines 
were strictly followed (American Ornithologists’ Union 1988).
Transmitter Design and Attachment
Design and attachment methods were modifications of existing procedures. 
Anchor transmitters were designed for 45 d of battery life, had a line of sight range of 
2.5 km using four-element yagi antennas, and did not have mortality switches. The 
transmitter was circular with a 23 mm diameter, flat base and 12 mm height. The 
stainless-steel anchor extended 11 mm from the anterior base, and the posterior antenna
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extended 23.5 cm at a 45 degree angle from the base. The complete package weighed 
approximately 8 g, which was <0.5% of the average adult female body mass of northern 
shovelers (Bellrose 1980).
The trimmed attachment area was swabbed with Glutacide (a sterilant) and 
injected with a local anesthetic, Lidocane without epinephrine, before the sutures were 
threaded through the skin. Surgical instruments were also sterilized using Glutacide. 
Cyanoacrylate glue was used to secure suture knots and was placed between the skin and 
the underside of the transmitter to aid in retention. See Pietz et al. (1995) for a more 
complete description of the attachment process.
Statistical Analyses
Daily transmitter retention and female survival rates were calculated using the 
Mayfield (1961, 1975) method as described in Pietz et al. (1995). Interval retention and 
survival rates were calculated over the period for hatch to 30-d post hatch. This was the 
period used to estimate brood survival to fledging. Confidence intervals (95%) for 
survival and retention rates were calculated using methods described in Johnson (1979).
RESULTS AND DISCUSSION
Of 42 radio transmitters attached, 20 were shed before the 30-day interval had
expired. Daily transmitter retention rate for Northern Shoveler females was 0.9803, 
(95% CI = 0.9716, 0.9890) (Johnson 1979), extrapolating to a 30d retention rate of 0.55 
(Mayfield 1961, 1975). Daily survival rates for radio marked northern shoveler 
individuals were 0.9971 (95% CI = 0.9937, 1.0), which expands to a 0.92 probability of 
survival over the 30 day interval.
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I discounted predation as the major cause of radio loss for three reasons. First, 5
nasal marked females with broods were observed after their transmitters had been
recovered. Second, 18 of 20 transmitters were relocated in wetlands at depths ranging
up to 1.5 meters, only 6 of 20 transmitters had tissue attached, and none of the 
transmitters recovered had tooth marks. Finally, there was a relative absence of mink 
(Mustela vision), on the study areas, as they comprised less than 1% of the total take by 
trappers on the experimental areas.
Modifications of transmitter size and attachment methods are believe to have
resulted in poor radio retention. Skin thickness, transmitter size and shape, and use of 
cyanoacrylate glue may have combined to compromise retention rate. Transmitters used 
in this study were approximately twice as large in both width and height as those used by 
Pietz et al. (1995). Enlarged radios may have induced behavior such as pulling on the 
transmitter and elevated the risk of transmitter loss due to contact with foreign material.
Transmitter bases were flat, leading to increased movement due to a poor fit around the
backbone. Heavier transmitters may have stressed the anchor incision and sutures and 
delayed healing of skin or made it more susceptible to tearing. All of these factors would 
allow the anchor to work its way out from under the skin with less resistance.
Northern shoveler females probably have thinner skin than larger species such as 
mallard or gadwall. Needle contact with muscle tissue, caused by threading sutures 
under larger radios, led to subcutaneous bleeding. This may have led to a greater risk of 
bacterial infection, though birds tend to be less susceptible to sepsis than mammals
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(Cooper and Eley 1979). Thin skin may also allow for sutures to move out of tissue 
faster through normal growth and be more susceptible to tearing from transmitter
movement.
Cyanoacrylate glue, which has been used to attach transmitters in several studies 
(Martin and Bider 1978, Perry and Carpenter 1981, Wheeler 1991) may have been an 
even more significant factor affecting transmitter loss. Cyanoacrylate glue apparently 
causes some types of suture material to become brittle as well as making the contacted 
skin rigid. By applying glue to the knots and under the transmitter (where it also may 
have contacted sutures), I potentially increased the likelihood of suture breakage. It is 
not clear whether rigidity of glued skin hastens skin or transmitter loss. The combined 
effects of glue on sutures and the factors already described above may best explain the 
transmitter loss experienced in this study.
CONCLUSION
This study was not designed to evaluate transmitter retention rates, so 
comparisons with other studies concerning effects of radio transmitters on nesting 
waterfowl are not possible. Use of 8g anchor transmitters on northern shoveler females 
attending broods resulted in inadequate retention rates for a 30 day study. What 
appeared to be minor modifications in transmitter design and attachment had serious
consequences on radio retention rates. Smaller anchor transmitters, such as those 
employed by Pietz et al. (1995), and the avoidance of cyanoacrylate glue would likely 
yield better retention rates on birds smaller than mallards. Small alterations of published
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methodology may have significant impacts on the efficiency of radio mounts. Prior to 
making such alterations, discussion with other researchers who have experience with 
similar methods may yield vital, unpublished practical information.
SUMMARY
Predator reduction did not appear to affect survival of Northern Shoveler broods. 
Brood and duckling survival, and production per successful nest were higher on 
experimental areas, but differences were not statistically significant. No correlation was 
found between length of movement distance and overall brood survival. Northern 
Shoveler brood and duckling survival rates are higher than published accounts of other 
species, but mortality patterns are similar to other species of prairie nesting ducks. Most 
mortality occurred within the first two weeks after hatch, and brood mortality 
constituted the majority of duckling mortality.
Overland movements of Northern Shoveler broods were not influenced by
predator reduction. Broods on experimental and control sites showed similar 
frequencies and cumulative distances of movements over the 30 day tracking period. 
Nest site selection and distances traveled to initial wetlands were also equivalent. There
was no difference in densities of wetlands available to broods between treatments.
Pooled results found that Shovelers exhibit habitat selectivity, as they do not always
travel to the closest available wetlands. Although average frequency and distance of 
movements was comparable to other prairie nesting species, Shovelers showed no 
change in frequency or distance over the 30 day period.
Radio telemetry was the primary technique used to monitor survival and 
movements of Northern Shoveler broods. Retention rates of 8g anchor transmitters 
were not adequate to assess 30 day survival with required statistical power. Modified 
attachment techniques, specifically use of cyanoacrylate glue and increased transmitter 
size and weight, resulted in compromised retention rates.
45
LITERATURE CITED
Afton, A. D. 1983. Male and female strategies for reproduction in lesser scaup. Ph D. 
Thesis, Univ. North Dakota, Grand Forks. 151pp.
Afton, A. D., and S. L. Paulus. 1992. Incubation and brood care. Pages 62-108 in
Batt, B. D. J., A. D. Afton, M. G. Anderson, C. D. Ankney, D. H. Johnson, J. A. 
Kadlec, and G. L. Krapu, eds. Ecology and Management of Breeding 
Waterfowl. Univ. of Minnesota Press.
American Ornithologists Union. 1983. Check-list of North American birds. Sixth 
Edition. Allen Press, Inc., Lawrence, Kansas.
American Ornithologists Union. 1988. Report of committee on use of wild birds in 
research. Auk 105 (1, Suppl). 1A-41A.
Ankney, C. D., and A. D. Afton. 1988. Bioenergetics of breeding northern shovelers. 
diet, nutrient reserves, clutch size, and incubation. Condor 90:459-472.
Austin, J. E., and J. R. Serie. 1991. Habitat use and movements of canvasback broods 
in southwestern Manitoba. Prairie Nat. 23:223-228.
Ball, I. J., D. S. Gilmer, L. M. Cowardin, and J H. Reichmann. 1975. Survival of wood 
duck and mallard broods in North-Central Minnesota. J. Wildl. Manage. 39:776- 
780.
Baker, O. E. III. 1983. Nesting and brood rearing habits of the mottled duck in the 
coastal marsh of Cameron Parish, Louisiana. M. S. Thesis, Louuisiana State 
University, Baton Rouge.
Balser, D. S., H. H. Dill, and H. K. Nelson. 1968. Effect of predator reduction on 
waterfowl nesting success. J. Wildl. Manage. 32:669-682.
Batt, B. D. J., M. G. Anderson, C. D. Anderson, and F. D. Caswell. 1989. The use of 
prairie potholes by North American ducks. Pages 204-207 in A. van der Valk, 
ed. Northern prairie wetlands. Iowa State Univ. Press, Ames. 400pp.
Beauchamp, W. D., R. R. Koford, T. D. Nudds, R. G. Clark, and D. H. Johnson. 1996. 
Long-term declines in nest success of prairie ducks. J. Wildl. Manage. 60:247- 
257.
Bellrose, F. C. 1980. Ducks, geese and swans of North America. Third Edition. 
Stackpole Books, Harrisburg, PA. 540pp.
46
47
Browne, P. M., D. A. Duffus, and R. W. Boychuk. 1983. High nesting density of ducks 
on an island in Saskatchewan. Can. Field. Nat. 97:453-454.
Caithamer, D. F., J. A. Dubovsky, C. T Moore, G. W. Smith, F A Johnson, J R.
Kelley, and J. P. Bladen. 1995. Waterfowl population status, 1995. U. S. Fish 
and Wildl. Ser. Tech. Rep.
Chesness, R. A., M. M. Nelson, and W. H. Longley. 1968. The effect of predator 
removal on pheasant reproductive success. J. Wildl. Manage. 32:683-697.
Cooper, J. E., and J. T. Eley. 1979. First aid and care of wild birds. David and Charles, 
London. 288pp.
Cowardin, L. M., D. S. Gilmer, and C. W. SchaifTer. 1985. Mallard recruitment in the 
agricultural environment ofNorth Dakota. Wildl. Monogr. 92:1-37.
Cowardin, L. M., and R. J. Blohm. 1992. Breeding population inventories and
measures of recruitment. Pages 423-445 in Batt, B. D. J , A D Afton, M. G 
Anderson, C. D. Ankney, D. H. Johnson, J. A. Kadlec, and G. L. Krapu, eds 
Ecology and Management of Breeding Waterfowl. Univ. of Minnesota Press.
Doty, H. A., and A. J. Rondeau. 1988. Predator management to increase duck nest 
success. Pages 134-139 in D. W. Uresk, G. L. Schenbeck, and R. Cefkin, tech 
coords. Eighth Great Plains wildlife damage control workshop proc. USDA 
For. Serv. Gen. Tech. Rep. RM-154.
Duebbert, FI. F., and A. M. Frank. 1984. Value of prairie wetlands to duck broods 
Wildl. Soc. Bull. 12:27-34.
Duebbert, H. F„ and J. T. Lokemoen. 1980. High duck nesting success in a predator 
reduced environment. J. Wildl. Manage. 44:428-437.
Duebbert, H. F., and H. A. Kantrud. 1974. Upland duck nesting related to land use and 
predator reduction. J. Wildl. Manage. 38:257-265.
Duncan, D. C., 1983. Extensive overland movement of pintail brood and attempted 
predation by hawks. Can. Field-Nat. 100:110-113.
Duncan, D. C. 1986. Survival of dabbling duck broods on prairie impoundments in 
Southeastern Alberta. Can. Field Nat. 100:110-113.
Duncan, D. C. 1987. Nest-site distribution and overland brood movements of northern 
pintails in Alberta. J. Wildl. Manage. 51:716-723
Dwyer, T. J. 1972. An adjustable radio-package for ducks. Bird-banding 43 282-284.
F48
Dzubin, A., and J. B. Gollop. 1972. Aspects of mallard breeding ecology in Canadian 
parkland and grassland. Pages 33-52 in Population ecology of migratory birds 
U.S. Fish Wiidl. Serv. Wildl. Res. Rep. 2.
Eriksson, M. O., G. 1978. Lake selection by goldeneye ducklings in relation to 
abundance of food. Wildfowl 29:81-85.
Evans, C. D., and K. E. Black. 1956. Duck production studies on the prairie potholes 
of South Dakota. U.S. Fish Wildl. Serv. Spec. Sci. Rep. Wildl. 32. 59pp.
Garrettson, P. R., F. C. Rohwer, J. M. Zimmer, B. J. Mense, and N. Dion. 1996.
Effects of mammalian predator removal on waterfowl and non-game birds in 
North Dakota. Trans. N. Am. Wildl. and Nat. Resour. Conf. 61. In Press.
Gates, J. M. 1962. Breeding biology of the gadwall in northern Utah Wilson Bull. 
74:43-67.
Gaultier, G. 1987. Brood territories in buffleheads: determinants and correlates of 
territory size. Can. J. Zool. 65:1402-1410.
Gloutney, M. L., R. G. Clark, A. D. Afton, and G. J. Huff. 1993. Timing of nest 
searches for upland nesting waterfowl. J. Wildl. Manage 57:597-601
Grand, J. B., and P. L. Flint. 1996. Survival of northern pintail ducklings on the Yukon- 
Kuskokwim Delta, Alaska. Condor 98:48-53.
Greenwood, R. J., P. M. Arnold, and B. G. McGuire. 1990. Protecting duck nests from 
mammalian predators with fences, traps, and a toxicant Wildl. Soc. Bull. 18:75- 
82.
Greenwood, R. J., A. B. Sargeant, D. H. Johnson, L. M. Cowardin, and T. L. Schaffer 
1987. Mallard nest success and recruitment in prairie Canada. Trans N. Am. 
Wildl. and Nat. Resour. Conf. 52:298-309.
Haland, A. 1983. Temporary absence from the brood of female mallard Anas 
platyrhynchos. Ibis 125:240-243.
Houston, R. A., and R. J. Greenwood. 1993. Effects of radio transmitters on nesting 
captive mallards. J. Wildl. Manage. 33:1009-1011.
Johnson, D. H., 1979. Estimating nest success: the Mayfield method and an alternative. 
• Auk 96:651-661.
49
Johnson, D. H., J. D. Nichols, and M. D. Scwartz. 1992 Population dynamics of 
breeding waterfowl. Pages 446-485 in Batt, B D. J., A. D Afton, M G. 
Anderson, C. D. Ankney, D. H. Johnson, J. A. Kadlec, and G. L. Krapu, eds. 
Ecology and Management ofBreeding Waterfowl. Univ. of Minnesota Press.
Joyner, D. E. 1977. Behavior of ruddy duck broods in Utah. Auk 94:343-349.
Kaplan, E. L., and P. Meier 1958. Nonparametric estimation from incomplete 
observations. J. Am. Stat. Assoc. 53.457-481.
Kadlec, J. A., and L. M. Smith. 1992. Habitat management for breeding areas. Pages 
590-610 in Batt, B. D. J., A. D. Afton, M. G. Anderson, C D Ankney, D H. 
Johnson, J. A. Kadlec, and G. L. Krapu, eds. Ecology and Management of 
Breeding Waterfowl. Univ. of Minnesota Press.
Kantrud, H. A. 1986. Effects of vegetation manipulation on breeding waterfowl in
prairie wetlands - a literature review. U.S. Fish Wildl. Serv., Fish Wildl. Tech. 
Rep. 3. 15pp.
Keith, L. B. 1961. A study of waterfowl ecology on small impoundments in 
southeastern Alberta. Wildl. Monog. 6.1-88.
Kirsch, L. 1975. Predation and prairie duck production. Proc. Int. Waterfowl Symp, 
1:101-103.
Klett, A. T., H. F. Duebbert, and G. L. Heismeyer. 1984. Use of seeded native grasses 
as nesting cover by ducks. Wildl. Soc. Bull. 12:134-138.
Klett, A. T., T. L. Shaffer, and D. H. Johnson. 1986. Techniques for studying nest
success of ducks in upland habitats in the prairie pothole region. U.S. Fish and 
Wildl. Serv. Resour. Publ. 158. 24pp.
Klett, A. T., T. L. Shaffer, and D. H. Johnson. 1988. Duck nest success in the prairie 
pothole region. J. Wildl. Manage. 52:431-440.
Korschgen, C. E., S. J. Maxson, and V. B. Kuechle. 1984. Evaluation of implanted 
radio transmitters in ducks. J. Wildl. Manage. 48:982-987.
Korschgen, C. E., K. P. Kenow, W. L. Green, D. H. Johnson, M. D. Samuel, and L. 
Sileo. 1996. Survival of radiomarked canvasback ducklings in northwestern 
Minnesota J. Wildl. Manage. 60:120-132.
Krapu, G. L., and C. R. Luna. 1991. Habitat use, survival, and causes of mortality 
among mallard broods hatched near the James River in North Dakota. Prarie 
Nat. 23:213-222.
50
LaGrange, T. G., J. L. Hansen, R. D. Andrews, A. W. Hancock, and J M. Kienzler.
1995. Electric fence predator exclosure to enhance duck nesting: a long-term 
case study in Iowa. Wildl. Soc. Bull. 23:261-266.
Libby, H. J. III. 1972. Ruddy duck brood distribution in relation to marsh habitat. M S. 
Thesis, Univ. Wisconsin, Madison. 59pp.
Livezey, B. C. 1980. Effects of selected observer-related factors on fates of duck nests. 
Wild. Soc. Bull. 8:123-127.
Livezey, B. C. 1981. Duck nesting in retired croplands at Horicon National Wildlife 
Refuge, Wisconsin. J. Wildl. Manage. 45:27-37.
Lokemoen, J. T., H. A. Doty, D. E. Sharp, and J E Neaville. 1982. Electric fences to 
reduce mammalian predation on waterfowl nests. Wildl. Soc. Bull. 10:318-323.
Lokemoen, J. T., and D. E. Sharp. 1985. Assessment of nasal marker materials and 
designs used on dabbling ducks. Wildl. Soc. Bull. 13:53-56.
Luttschwager, K. A., K. F. Higgins, and J A. Jenks. 1994. Effects of emergency haying 
on duck nesting in Conservation Reserve Program fields, South Dakota Wildl. 
Soc. Bull. 22:403-409.
Lynch, G. M. 1972. Effect of Strychnine Control on Nest Predators of Dabbling Ducks. 
J. Wildl. Manage. 36:436-440.
Martin, M. L., and J. R. Binder. 1978. Transmitter attachment for blackbirds. J. Wildl. 
Manage. 42:613-685.
Mauser, D. M., and R. L. Jarvis. 1991. Attaching radio transmitters to 1-day-old 
mallard ducklings. J. Wildl. Manage. 55:488-491.
Mauser, D. M., R. L. Jarvis, and D. S. Gilmer. 1994a. Survival of radio-marked 
ducklings in northeastern California J. Wildl. Manage. 58:82-87
Mauser, D. M., R. L. Jarvis, and D. S. Gilmer. 1994b Movements and habitat use of 
mallard broods in northeastern California. J. Wildl. Manage. 58:88-94.
Mayfield, H. 1961. Nesting success calculated from exposure Wilson Bull. 73:255- 
261.
Mayfield, H. 1975. Suggestions for calculating nest success. Wilson Bull. 87.456-466 
McGilvrey, F. B. 1969. Survival in wood duck broods. J. Wildl. Manage. 33:73-76.
51
McKnight, D. E., and J. B. Low. 1969. Factors affecting waterfowl production on a 
spring-fed salt marsh in Utah. Trans. N. Am. Wildl. and Nat Resour. Conf. 
34:307-314.
Mulhern, J. H., T. D. Nudds, and B. R. Neal. 1985 Wetland selection by mallards and 
blu-winged teal. Wilson Bull. 97.473-485.
Olsen, G. H., F. J. Dein, G. M. Haramis, and D. G. Jorde. 1992. Implanting 
transmitters in wintering canvasbacks. J. Wildl. Manage. 56.325-328.
Orthmeyer, D. L., and I. J. Ball. 1990. Survival of mallard broods on Benton Lake 
Wildlife Refuge in North Central Montana. J. Wildl. Manage. 54:62-66.
Patterson, J. H. 1976. The role of environmental heterogeneity in the regulation of duck 
populations. J. Wildl. Manage. 40:22-32.
Paulus, S. L. 1984. Behavioral ecology of mottled ducks in Louisiana. Ph D. thesis, 
Auburn University, Alabama.
Perry, M. C., and J. W. Carpenter. 1981. Radio transmitters for mourning doves: 
comparison of attachment techniques. J. Wildl. Manage. 45:524-527.
Pietz, P. J., G. L. Krapu, R. J. Greenwood, and J. T Lokemoen. 1993. Effects of 
harness transmitters on behavior and reproduction of wild mallards. J. Wildl. 
Manage. 57:696-703.
Pietz, P. J., and G. L. Krapu. 1994. Effects of predator exclosure design on duck brood 
movements. Wildl. Soc. Bull. 22:26-33.
Pietz, P. J., Brandt, D. A., Krapu, G. L., and D. A. Buhl. 1995. Modified transmitter 
attachment method for adult ducks. J. Field Ornithol. 66:408-417.
Pollock, K. H., S. R. Winterstein, C. M. Bunck, and P. D. Curtis. 1989, Survival 
analysis in telemetry studies. J. Wildl. Manage. 53:7-14.
Poston, H. J. 1969. Home range and breeding biology of the shoveler. M S. Thesis, 
Utah State Univ., Logan. 86pp.
Ringleman, J. K., and J. R. Longcore. 1982. Survival of juvenile black ducks during 
brood rearing. J. Wildl. Manage. 46:622-628.
Rohwer, F. C. 1985. The adaptive significance of clutch size in prairie ducks. Auk 
102:354-361.
52
Rotella, J. J., D. W. Howerter, T. P. Sankowski, and J. H. Devries. 1993. Nesting 
effort by wild mallards with 3 types of radio transmitters. J. Wildl. Manage. 
57:690-695.
Rotella, J. J., and J. T. Ratti. 1990. Use of methoxyflourane to reduce nest 
abandonment of mallards. J. Wildl. Manage. 54:627-628.
Rotella, J. J., and J. T. Ratti. 1992a. Mallard brood survival and wetland habitat 
conditions in Southwestern Manitoba. J. Wildl. Manage. 56:499-507.
Rotella, J. J., and J. T. Ratti. 1992b. Mallard brood movements and wetland selection in 
southwestern Manitoba. J. Wildl. Manage. 56:508-515.
Sargeant, A. B., A. D. Kruse, and A. D. Afton. 1974. Use of small fences to protect 
ground bird nests from mammalian predators. Prairie Nat. 6:60-63.
Sargeant, A. B., S. H. Allen., and R. T. Eberhardt. 1984. Red fox predation on 
breeding ducks. Wildlife Monog. 89:7-41.
Sargeant, A. B., and D. G. Raveling. 1992. Mortality during the breeding season.
Pages396-422 in Batt, B. D. J., A. D. Afton, M. G. Anderson, C. D. Ankney, D. 
H. Johnson, J. A. Kadlec, and G. L. Krapu, eds. Ecology and Management of 
Breeding Waterfowl. Univ. of Minnesota Press.
Sargeant, A. B., M. A. Sovada, and T. L. Shaffer. 1995. Seasonal predator removal 
relative to hatch rate of duck nests in waterfowl production areas. Wildl. Soc. 
Bull. 23:507-513.
SAS Institute Inc. 1988. SAS/STAT user’s guide. SAS Inst., Cary, N.C. 1028pp.
Sauer, J. R., and B. K. Williams. 1989. Generalized procedures for testing hypotheses 
about survival or recovery rates. J. Wildl. Manage. 53:137-142.
Sayler, J. W. 1962. Effects of drought and land use on prairie nesting ducks. Trans. N. 
Am. Wildl. and Nat. Resour. Conf. 27:69-79.
Sedinger, J. S. 1992. Ecology of pre fledging waterfowl. Pages 109-127 in Batt, B. D, 
A. D. Afton, M. G. Anderson, C. D. Ankney, D. H. Johnson, J. A. Kadlec, and 
G. L. Krapu, eds. Ecology and Management of Breeding Waterfowl. Univ. of 
Minnesota Press.
Smith, A. G., J. H. Stoudt, and J. B. Gollop. 1968. Prairie potholes and marshes in J. P. 
Linduska, ed. Waterfowl Tomorrow. U.S. Gov. Print. Office, Washington, D C 
770 pp.
53
Smith, R. L., and L. D. Flake. 1985. Movements and habitats of brood-rearing wood 
ducks on a prairie river. J. Wildl. Manage. 49:437-442.
Stoudt, J. H. 1971. Ecological factors affecting waterfowl production in the
Saskatchewan parklands. U S. Fish Wildl. Serv. Resour. Publ. 99. 58pp.
Talent, L. G. 1980. Ecology of breeding mallards, nest parasitism; brood survival; and, 
habitat utilization. Ph D. Thesis, Oregon State Univ., Corvallis. 80pp.
Talent, L, G., Krapu, and R. L. Jarvis. 1982. Habitat use by mallard broods in south 
central North Dakota. J. Wild,. Manage. 46:629-635.
Talent, L. G., Jarvis, R. L., and G. L. Krapu. 1983. Survival of mallard broods in 
Southcentral North Dakota. Condor 85:74-78.
Trottier, L. G., D. C. Duncan, and S. C. Lee. 1994. Electric predator fences delay 
mallard brood movements to water. Wild,. Soc. Bull. 22:22-26.
Weller, M. W. 1956. A simple field candler for waterfowl eggs J. Wildl. Manage. 
20:111-113.
Weller, M. W. 1957. An automatic nest-trap for waterfowl. J. Wildl. Manage. 21:456- 
458.
Wheeler, W E 1991. Suture and glue attachment of radio transmitters on ducks. J.
Field Ornithol. 62:27,-278.
Wilms, M. A., and R. D. Crawford. 1989. Use of earthen islands by nesting ducks in 
North Dakota. J. Wildl. Manage. 53:411-417.
VITA
John M. Zimmer was born on October 5, 1971 in Quincy, Massachusetts. John 
grew up in the town of Scituate, Massachusetts, along with his brother and two sisters.
By the age of six, he had fallen in love with the of the sport of ice hockey, which 
continues to this day. During his youth, when not on the ice or the baseball diamond, 
John’s appreciation for the outdoors was fostered through hunting and fishing trips with
his father and brother.
John graduated from Boston College High School in Dorchester, Massachusetts, 
in May of 1989, and entered the University of New Hampshire that fall to pursue a 
bachelor of science degree in wildlife management. Although it took him four and a half 
years and a change of major or two, he graduated from the University of New 
Hampshire cum laude in 1993. It was while at the University of New Hampshire that 
John was bitten by a radioactive duck. Foregoing a promising career as a masked crime 
fighter, John instead focused his newly found powers on the field of waterfowl 
management. He lists among his life’s highlights as marrying his high school sweetheart
and being able to skate in Boston Garden.
John aspired to continue his education, and, in March of 1994, he got his chance. 
After a summer working as a Webster Fellow at the Delta Waterfowl and Wetlands 
Research Station, John entered the School of Forestry, Wildlife, and Fisheries at 
Louisiana State University in August of 1994 where he is currently fighting for the rights 
of underprivileged species of waterfowl known as sea ducks while also being a candidate 
for the degree of Master of Science in Wildlife which will be awarded in August of 1996.
54
MASTER'S EXAMINATION AND THESIS REPORT
Candidate: John M. Zimmer
Major Field: Wildlife
Title of Thesis: Effects of Predator Reduction on the Survival and 
Movements of Northern Shoveler Broods
Date of gxamination:
May 17, 1996
